Soil specimens collected from a site around the home of patients with food-borne type E botulism probably caused by neurotoxigenic Clostridium butyricum in Guanyun, Jiangsu province, China, were examined for the presence of neurotoxigenic C. butyricum. Five lakeside sites of Weishan lake, in an area near to the sites where the type E botulism outbreaks caused by neurotoxigenic C. butyricum occurred were also surveyed. Type E toxin-producing C. butyricum was isolated from soil from four sites including the site in Guanyun. Polymerase chain reaction assay demonstrated the presence of the type E toxin gene in all the toxigenic isolates. The biochemical properties of the isolates from the Guanyun soil and the lakeside soil were identical except for inulin fermentation and starch hydrolysis properties. These results indicate that neurotoxigenic C. butyricum has its principal habitat in soil.
Introduction
Clostridium botulinum is divided into seven toxigenic types (A-G) on the basis of the serological specificity of the neurotoxins produced. It has been recognised that the neurotoxins are produced by four different clostridial groups based on cultural and biochemical properties or DNA-DNA homology [l] . However, in 1986, it was demonstrated that two clostridial species other than C. botulinurn produced botulinum toxin in three cases of infant botulism, two in Rome, Italy [2, 3] and one in New Mexico [4] . Type E botulinum toxinproducing C. butyricum was isolated from the cases in Rome and type F botulinum toxin-producing C. baratii from the case in New Mexico.
Recently, food-borne botulism cases were encountered in Guanyun, Jiangsu province of China which may have been caused by type E botulinum toxin-producing C. butyricum. Clinical material was not examined in this outbreak, but the organism was isolated from the implicated food -salted and fermented paste made of soybeans and wax gourds [5, 6] . This prompted the re-examination of the cultural and biochemical properties of type E botulinum toxinproducing strains which had been isolated from type E Received 6 Jan. 1998; revised version accepted 7 May 1998. Corresponding author: Professor S . Nakamura. botulism cases and kept in Lanzhou Institute of Biological Products. In this survey, two isolates from botulism cases that occurred in the Weishan lake area, in the eastern part of China, exhibited the properties of C. butyricum.
On the basis of these findings, soil from around the house of the patients involved in the botulism outbreak in Guanyun and from the Weishan lake area was examined for the presence of neurotoxigenic C. butyricum. The properties of the isolates obtained in this study, as well as two neurotoxigenic strains with the properties of C. butyricum found in a survey of strains from our collections, were examined in detail.
Materials and methods

Collection strains tested
Two stock strains with type E botulinum toxicity, which had been isolated at Lanzhou Institute from samples from food-borne botulism cases, were found, on reexamination, to have the properties of C. butyricum and were tested further for biochemical properties. One strain (LCL 063) had been isolated from the intestinal content of a botulism patient at Jining in 1973, and the other (LCL 095) from food implicated in botulism at Peixian in 1983 (Fig. 1) . Neurotoxigenic C. butyricum BL 6340, which had been isolated in Rome [2] , was also tested. 
Soil specimens
Soil specimens were collected in Guanyun, Jiangsu province, China, in June 1995, from sites around the house of the patients who had type E botulism in 1994 [6] ; neurotoxigenic C. butyricurn had been isolated from the implicated food [5] . Guanyun is about 180 km from Weishan lake. At Guanyun, soil specimens were taken from 10 different places in the cultivated fields at 100-m intervals extending out from the garden next to the patients' house.
In June 1995, soil specimens were collected from five sites on the shore of Weishan lake; all the sites were cultivated fields except for site A, which was uncultivated. The distance between adjacent sites varied between 10 and 25 km. At each site, soil specimens were taken from the waterside and 100 m inland at 10 different locations spaced 100-200 m apart.
A specimen of c. 100 g was sampled from the soil at a depth of 15-20 cm.
Isolation of neurotoxigenic C. butyricum
The presence of botulinum toxin-producing organisms in soil was demonstrated by the method described by Yamakawa et al. [7] . Ten 1-g portions of each soil specimen were inoculated into 10 tubes containing a chopped meat-glucose (CMG) medium [8] and incubated anaerobically at 30°C for 5 days. The culture was frozen, thawed, and then each culture supernate was examined in the mouse lethality tests for type E botulinum toxicity with and without trypsinisation. For trypsinisation, the supernates were mixed with equal volumes of trypsin (1 in 250; Difco Laboratories, Detroit, MI, USA) 0.5% in 0.05 M phosphate buffer at pH 6.5, and incubated for 30 min at 37°C. Each culture in which type E botulinum toxicity was demonstrated was then spread on 10 plates of egg yolk-containing trypticase peptone-yeast extract-glucose (egg yolk-TYG) agar -egg yolk 5%; trypticase peptone (Beckton Dickinson Microbiology Systems, Cockeysville, MD, USA) 20 g/L; yeast extract 5 g/L; glucose 5 g/L; NaCl 0.9g/L; agar 20g/L; pH 7.2 -and incubated anaerobically for 2 days. Between 12 and 20 lipaseand lecithinase-negative colonies were picked from each culture, inoculated into CMG medium and incubated anaerobically at 30°C for 5 days. The supernate of the culture was examined for toxicity by the mouse lethality tests. When toxic activity was detected, the culture was checked for purity by re-cultivation on egg yolk-TYG agar and subjected to tests for biochemical properties and polymerase chain reaction (PCR) for detection of the type E botulinum toxin gene.
Biochemical properties of the isolates
Tests for biochemical properties were performed according to the procedures described by Nakamura et al. [9] . Gas chromatographic analysis of fermentation products in PYG medium was performed according to the method of Holdeman et al. [8] .
PCR
Detection of the type E botulinum toxin gene by PCR was performed with the primer set of El (5'-TATATATTAAACCAGGCGG-3') and E2 (5'-TAGA-GAAATATTGGAACTG-3 ') as described by 
Results
Isolation of neurotoxigenic organisms
Type E botulinum toxicity was found in the soil cultures at all sites examined; toxicity-positive soil specimens were found in one to nine of 10 soil specimens at each site ( Table 1) . Numbers of the toxicity-positive cultures were one to four of 10 cultures in each toxicity-positive specimen; 46 in total. The cultures exhibited one to 16 or more minimal lethal doses (MLD)/ml of type E toxicity, which increased to 20-2 100 MLD/ml after treatment with trypsin. All 46 toxicity-positive culture tubes were investigated to isolate the neurotoxigenic organism. Type E toxicity-positive organisms were isolated from seven of these cultures. The seven cultures were from seven different soil specimens, and in summary, seven isolates were obtained from seven different soil specimens which were collected from four different sites: Guanyun and the lakeside sites A, C and D.
Biochemical properties
The biochemical properties of all seven isolates plus the two stock strains were examined. Except for inulin fermentation and starch hydrolysis, no difference was found among the nine isolates in the properties tested;
inulin fermentation was positive in the isolates from soil in the Weishan lake area, and starch hydrolysis in two of five isolates from soil in the Weishan lake area and two stock strains (Table 2) .
Gas chromatographic analysis of fermentation products showed major peaks for acetic and butyric acids and minor peaks for lactic and succinic acids; no difference was found in fermentation products.
Type E toxicity of the culture supemates of the isolates were 1 O2 -1 O3 MLD/ml, which increased 10-1 000-fold after treatment with trypsin.
On the basis of these findings, the isolates were identified as neurotoxigenic C. butyricum.
Detection of type E botulinum toxin gene PCR with type E botulinum toxin gene-specific primers was performed to detect the type E botulinum toxin 2 *A 10-g specimen was equally divided into 10 parts and examined for toxicity of the cultures. One to four of the 10 cultures were positive in each type E botulinum toxicity-positive specimen. +Each strain was isolated from a different soil specimen and examined further for biochemical properties. gene. A product of the expected size (446 bp) was amplified from the soil isolates and from C. butyricum BL 6340 (Fig. 2) .
Discussion
A recent study isolated neurotoxigenic C. butyricum from the food implicated in an outbreak of type E botulism [5] . This prompted the examination of soil from the area around the patients' house (Guanyun site) for neurotoxigenic C. butyricum and the reexamination of stock strains from the Lanzhou Institute, which had been isolated from clinical samples from patients with type E botulism in China. This study showed retrospectively that two type E botulinum toxin-producing strains isolated previously in the area near Weishan lake had the properties of C. butyricum. On the basis of these findings, lakeside soil from Weishan lake was examined for neurotoxigenic C. butyricum.
Corresponding to the principle that toxin types of food-borne botulism caused by homemade foods are usually consistent with those of C. botulinum found locally in soil, neurotoxigenic C. butyricum was isolated from soil from both areas, i.e., Guanyun and Weishan lake. The biochemical properties of the isolates from soil at the Guanyun site agreed completely with those of an isolate from the food implicated as a source of botulism in patients living near that site [5] , suggesting that the food may have been contaminated with the organism from soil in the environment of the patients involved in that outbreak. In the isolates from soil of the lakeside of the Weishan lake area, inulin fermentation was positive, differing from the results with the stock strains which had been isolated from samples fi-om botulism patients at Jining and Peixian, which are both c. 10 km fi-om Weishan lake. There could be at least two different clones of neurotoxigenic C. butyricum in this area. In both the Guanyun and Weishan lake areas, genetic comparison of environmental and clinical isolates of C. butyricum remains to be done. Neurotoxigenic C. butyricum was first isolated in two cases of infant botulism in Rome, 1986 [2] . Since then the properties of a neurotoxin from the organism have been extensively studied physicochemically, immunologically and genetically [ 1 1 -131. However, distribution of this organism in soil has not been reported. Creti et al. [14] attempted to detect neurotoxigenic C. butyricum in soil in the vicinity of Rome after the outbreak, but were unable to do so. The present study revealed for the first time that neurotoxigenic C. butyricum is distributed in soil in the same manner as C. botulinum types A, B, E, F and G. In China, as well as in other countries, studies on the distribution of C. botulinum in soil have been performed in most cases by detecting botulinum toxin in the soil cultures, without isolation of C. botulinum [15] . The major reason why isolation of the bacterium has not been done extensively seems to be due to the general concept that C. botulinum organisms corresponding to a toxin type found in soil culture must exist in the soil. We have been studying the distribution of C. botulinum in soil since 1974 and have often encountered cases where C. botulinum type E could not be isolated from soil cultures with type E botulinum toxicity, although lipase-positive colonies were examined. The present study indicates that there are neurotoxigenic C. butyricum in the area where soil cultures show type E botulinum toxicity, but C. botulinum type E lipasepositive colonies were not isolated.
